The rate of spoilage of chicken tissues, the development of spoilage bacteria, and the utilization of amino acids by spoilage bacteria as a function of temperature were more accurately described by the general spoilage curve of Olley and Ratkowsky (Food Technol. Aust. 25:66-73, 1973; Food Technol. N.Z. 8:13-17, 1973) Zealand, p. 34-44, 1971), and its use has been described by Olley and Ratkowsky (5, 6) and Olley (4, 4a). This instrument was used in conjunction with a temperature gradient in-65 cubator to examine the effect of temperature on the spoilage of chicken carcasses, poultry tissues (skin, leg, and breast muscle), and the metabolism of other substrates inoculated with poultry spoilage bacteria.
Ingram and Dainty (2) reviewed a number of methods for the evaluation of spoilage and shelf life prediction of flesh foods. These included estimation of bacterial numbers, extract release volume, and various biochemical indexes. In addition, mathematical and graphical methods which relate the rate of spoilage to the temperature history of the product have been suggested by Spencer and Baines (8) and Olley and Ratkowsky (5, 6).
Spencer and Baines (8) derived a formula relating spoilage rate to temperature given by: kt = ko (1 + Co) , where kt is a rate of spoilage at temperature 6, ko is a rate of spoilage at 0°C, and C is a constant for linear response. They suggested a linear response over the range of -1 to 25°C. This linear response was used by Ronsivalli and Charm (7) as the basis of a shelf life prediction slide rule which permits prediction of the remaining shelf life of cod held at storage temperatures of from 32 to 46°F (O to ca. 7 
.80C).
A general spoilage curve for proteinaceous foods based on various data in the literature was developed by Olley and Ratkowsky (5, 6) to describe the relationship between temperature and relative spoilage rate. At temperatures above 80C the linear equation of Spencer and Baines (8) was not valid, and the Arrenhius equation more accurately described the spoilage rate-temperature relationship. An electronic integrator device to measure the temperature history of fish was developed by Nixon (Report on Fish Quality, Seminar no. 3, Fishing Industry Board, New Zealand, p. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] 1971) , and its use has been described by Olley and Ratkowsky (5, 6) and Olley (4, 4a) . This instrument was used in conjunction with a temperature gradient in-65 cubator to examine the effect of temperature on the spoilage of chicken carcasses, poultry tissues (skin, leg, and breast muscle), and the metabolism of other substrates inoculated with poultry spoilage bacteria.
MATERIALS AND METHODS
Effect of temperature on the spoilage of chicken carcasses. The effect of storage temperature on the spoilage of chicken carcasses was examined at 0, 1, 5, 10, and 220C. Carcasses obtained immediately after processing were wrapped in permeable polyethylene film and stored at each temperature until spoilage was evident. Spoilage was assessed by detection of off odors, appearance of sliminess, and a bacterial population of 107 cells per cm2 of skin.
Temperature gradient incubator studies. The effect of storage temperature on the spoilage flora of leg and breast tissue macerates of poultry, the rate of bacterial growth in nutrient broth, and the rate of utilization of individual amino acids were examined by using a temperature gradient incubator (Toyo Kagaku Sangyo Co., Ltd., Tokyo, Japan) over a temperature range of 0 to 22°C. Spoilage of poultry tissues. The four types of poultry tissues studied were breast skin, leg skin, breast muscle, and leg muscle. Samples of skin (2 by 16 cm2) and muscle (20 g) were excised from breasts and legs of poultry carcasses immediately after processing. Each tissue type was homogenized in 200 ml of REP solution by using a Colworth Stomacher, and 10 ml of homogenate was added to the L-shaped incubator tubes previously equilibrated for 2 h. Daily inspection of the tissue macerates was made for evidence of spoilage. The criteria to determine spoilage were production of off odors and presence of a bacterial population of 107 cells per ml of suspension.
Growth of spoilage bacteria in nutrient broth. One strain each of Pseudomonas putrefaciens, Pseudomonas group I, and Pseudomonas group II POULTRY SPOILAGE BACTERIA 651 were grown in nutrient broth for 24 h at 22°C, and a loopful of each culture was inoculated into the previously equilibrated incubator tubes. Rate of growth was determined by the time required to reach a bacterial population of 107 cells per ml of broth. Estimates of numbers were made by spreading 0.1-nl samples on nutrient agar and incubating at 220C for 2 days.
Utilization of amino acids by spoilage bacteria. Free amino acids and small-molecular-weight nitrogenous compounds are precursors of off odors in poultry tissues (1) . Consequently, the rate of degradation of a representative of each type of amino acid The time taken to reach the specified spoilage level at 00C for all systems studied is shown in 
